tubule anid late proximal tubule yielded urinary recoverv rates of 85+3% and 101+2%, respectively, suggesting that oxalate absorption does occur in the mlid-portionis of the proximal tubule. Droplet precessioni studies confirmed a secretorv flux for oxalate. In contrast to oxalate, para-aminlohippurate (PAH), the more traditional marker for organic acid transport, was secreted in the late portions of the proximal tubule and in large measure at a site between the late proximal and distal tubules, presumably the pars recta. Probenecid inhibited PAH secretion but was w%ithout effect on net oxalate transport, oxalate absorption, or oxalate secretion.
INTRODUCTION
Para-aminiohippurate (PAH)' has been extensively used as a marker to examine the ability of the kidney to secrete organic acids (1) (2) (3) . Although bidirectional movement of PAH may be demonstrated in the proximal convoluted tubule, free-flow micropuncture studies have indicated that net secretion of this organic acid occurs between the late portion of the proximal convoluted tubule and the distal tubule (2, (4) (5) (6) (7) . Isolated nephron studies in the rabbit kidney have shown that the pars recta is the major site of niet secretion of PAH (1) . The contribution of other nephron segments to the renal handling of other organic acids, on the other hand, has not been extensively studied. The current micropuncture studies were undertaken to examine the renal handling of the dicarboxylic acid, oxalate, and to compare its renal transport characteristics with that of PAH.
MIETHODS
All studies were performed on male Sprague-Dawley rats with free access to food anid water before study. Anesthesia was induced with pentobarbital (50-60 mg/kg body wt) injected intraperitoneally. A tracheostomy was performed, both jugular veins were cannulated, and the urinary bladder vas catheterized. The left kidney was approached through a flank incisioin, the perirenal fat and capsule were removed, and the kidney was prepared for micropuncture, as previously described from this laboratory (8, 9) . In the microinjection and droplet precession studies, the left ureter was catheterized with PE 50 tubing to permit separate urine collections from each kidney.
Free-flow studies. In the oxalate studies, a priming infusion of 1 (75 ACi/ml) was given, followed by the sustainied infusioin of the same solution at a rate of 1.2 ml/h. Where examined, probenecid was dissolved in a solution of NaHCO3 (30 meq/liter) (pH 7.4) in a concenitration calculated to deliver 100 mg/kg body wt per h and was infused at a rate of 1.2 ml/h. Control animals received an infusion of the diluent alonie at the same rate.
In the PAH studies, the priming and sustaininlg isotope solution contained [ (67 ACi/ml) in isotonic saline. Animals were stuidied in a manner identical with that of the oxalate studies.
After 90 min of equilibration, free-flow micropuncture samples were obtained from proximal and distal nephron sites. Blood and urine samples were collected simultaneously. The clearance rates of inulin, oxalate, anid PAH and the fractional excretion rates were calculated f'rom standard formulas. The fractional delivery rates (FD) friom the poinit of micropunctuire were calculated from the expression Microinjection studies. Animals were prepared for study as indicated above, except that no isotopes were infused systemically. A solution of 5% mannitol in isotonic saline was infused at a rate of 12 ml/h to ensure high urine flow rates. The intratubular microinjection solutions coIntained either [14C]oxalate (50 ,uCi/ml) and [3H]inulin (50 ,uCi/ ml), or [3H]PAH (50 ,LCi/ml) and [14C]inulin (50 ,uCi/ml). Probenecid or diluent was infused as described in the free-flow studies. 10-12 nl of the microinjection soluitions were microinjected over a 120-s interval into the early or late portions of the proximal convoluted tubule in the oxalate studies and into the early portion of the proximal tubule only in the PAH studies. After each microinjection, urine was collected sequentially from both left and right kidneys in 60-s aliquots. The procedures for microinjection, localization of micropuncture sites, and calculations of the fractional recovery rates in the urine have previously been described in detail from this laboratory (8) .
Droplet precession studies. Animals were prepared as in the microinjection studies and received an i.v. infusion of 5% mannitol in isotonic saline at a rate of 12 Radioactivity of the saamples of blood, urine, tubular fllid, aindl microinjection solutions was determined in Biofluior (New England Nuclear) in a Packard Tri-Carb liquidl scintillation counter (Packard Instrument Co., Inc., Downers Grove, Ill.). Counts per minute of each isotope were converted to disintegrations per minute after correction for (quenchinlg, efficiency of counting, and crossover counts. All data are expressedl as the nmean±+lSE.M. Significaniee vas determiin(e ed 1b Sttudent's t test.
RESULTS
Oxalate. The results of free-flow micropunctutre aind clearance experiments in 11 control rats are stum11-marized in Table I . The fractional excretion of oxalate in the final urinie averaged 126.2±2.9% of the filtered load, indicating net secretion. Micropuncture samples obtained from the proximal tubule are groupedl as early or late proximal tubule, with TF/PinUiin valuies below 2 designated as an early proximal tubular site. The fractional delivery rates from the early proximal tubule averaged 120.1±4.4%, a value not significanitly different from that of the final urine. Samples obtained from the earliest portions of the proximal tubule (TF/Pinuiin < 1.5) also averaged 118% (11 = 9) of the filtered load, suggesting that an oxalate secretory site exists in the immediate postglomerular segments not accessible to micropuncture in the species of rat utilized. Fractional delivery rates of oxalate friom the late proximal tubule and from the distal convoluted tubule (124.6+6.1 and 120.9±2.9%, respectively) were not significantly different from results obtained in the early proximal tubule or in the final urine.
To determine if bidirectional transport occurred in any segments of the nephron, microinjection studies into early and late portions of the proximal tubule were performed. As noted in Table III , 85±3% of oxalate microinjected into the early proximal tubule was recovered in the urine. Recoveries after microinjection into the later portions of the proximal tubule averaged 101±2% (P < 0.01 compared with the early proximal tubule). Droplet precession studies (Table  IV) yielded 14C/3H:14C/3H urine to droplet ratio of counts of 5.2+0.7, a value significantly above unity and indicative of oxalate secretion.
From these results, oxalate appears to be secreted in the earliest portions of the proximal convoluted tubule, undergoes bidirectional transport of approximately equal magnitude in the mid-portions of the proximal convoluted tubule, and is probably were not statistically different. Taken together, then, the results of these investigations indicate the existence of an organic acid secretory mechanism for oxalate which is located in the early portion of the proximal tubule and is distinct from that for PAH.
As indicated earlier, the pars recta is the nephron site most commonly associated with net transport of organic acids. By contrast, the secretion of the organic acid oxalate appears to occur in the early portioni of the proximal tubule. Evidence has previouslxy beeni advanced for the presence of an organic base secretorN system in this portion of the nephron, althouigh unlequivocal evidence for organic acid secretion is not available (14) . deRougemont and co-workers have stuggested that the early postglomerular portion of the proximal tubule is the site of urate secretion and, in urate-loaded rats, net urate secretion was observed in micropuncture samples obtained fronm the early proximal tubule (15) . These results with respect to urate have not been confirmed and have been questioned due to the methodologic difficulties in measturing the concentration of uric acid in nanoliter (quanitities of fluid (16, 17) . The present studies with oxalate, on the other hand, support the concept that the earls proximal tubule is important in the renal metabolism of some organic acids.
